A polymerase chain reaction assay was developed for detection of Fusarium sporotrichioides, a plant pathogen in many parts of the world. Based on small nucleotide differences in ITS2 (Internal Transcribed Spacer) rDNA of our local isolate of F. sporotrichioides (Accession No. AY510069) and other isolates found in NCBI/GeneBank database, species specific primer FspITS2K was selected. Primer pair FspITS2K and P28SL amplified a fragment of 288 bp containing a portion of ITS2 and 28S rDNA of all the F. sporotrichioides isolates tested, originated from different hosts and regions of the world but did not amplify any other species of Fusarium and plantÕs DNA. To use the PCR assay in seed health testing, a protocol was setup for the rapid and effective preparations of fungal DNA from wheat seeds. The method developed may be useful for the rapid detection and identification of F. sporotrichioides both from culture and from plant tissue.
Introduction
Fusarium species are important plant pathogens causing diseases such as crown rot, head blight, scab on cereal grains and vascular wilts on a wide range of crops with the dominant species depending on the area and the type of the crop. F. sporotrichioides is generally regarded as a weak parasite although widespread on a wide variety of plants and in soil throughout the temperate regions of the world [1] .
F. sporotrichioides can produce type A trichothecenes (T-2, HT-2) which are commonly found in various cereal crops (wheat, maize, barley, oats, and rye) and processed grains (malt, beer and bread). The general toxicity, haematotoxicity and immunotoxicity of T-2 toxin are considered to be the critical effects. T-2 toxin potently inhibits synthesis of proteins and, at higher doses, DNA and RNA [9] . For that reason accurate identification of F. sporotrichioides is imperative in order to determine the potential risk to human and animal health [17] .
Rapid, inexpensive and reliable PCR technology with species specific primers (SCARs) was developed for identification of the most abundant and toxigenic Fusarium species. PCR assay allows for detection of extremely small quantities of specific target DNA [6] . The quality of template DNA is the crucial factor influencing amplification efficiency [5] . PCR inhibitors specially common in seeds like phenolic compounds, polysaccharides, proteins and enzymes can reduce reaction productivity [11, 16] . Several protocols are available to isolate fungal DNA directly from seeds. CTAB method is laborious and time consuming while other methods require using specific equipment and commercial kits [5] . As an alternative, a simple way to obtain DNA from plant material is to boil samples in alkaline solutions with subsequent neutralization [5, 14] .
The aim of the current study was to design PCR primers from rDNA sequence that allow the differentiation and detection of F. sporotrichioides by PCR amplification and to set up rapid fungal DNA preparation protocol from wheat grains using alkaline-detergent solution.
Materials and methods

Fungal strains
The fungal strains used in this study are listed in Table 1. All tested strains of Fusarium are held in CBS (The Centraalbureau voor Schimmelcultures, The Netherlands) fungal collection. The Fusarium isolates were maintained on potato dextrose agar at 25°C. Our local isolates of F. sporotrichioides, F. avenaceum, F. culmorum, F. graminearum and F. poae (originated from north and north-east part of Poland) were identified on the basis of morphological characteristics and deposited in CBS.
DNA isolation
Fungal DNA was extracted by the protocol according to Parry and Nicholson [10] with slight modifications. Mycelium (0.20 g) was scraped from a colony growing on a PDA plate, frozen in liquid nitrogen and ground to a fine powder in a pestle and mortar. DNA was extracted in 20 mL CTAB buffer (CTAB 8 g, sarkosyl 10 g, sorbitol 25 g, NACl 47 g, EDTA 8 g, PVPP 10 g in 1 L H 2 O) at 65°C, for 30 min, in 1.5 mL centrifuge tubes. An equal volume of chloroform/octanol (24:1) was added, mixed and centrifuged at 14,000 rpm for 10 min. The aqueous phase was removed to a fresh tube and an equal volume of isopropanol was added follow by centrifugation as above to participate the DNA. The pellet was washed in 70% ethanol and dissolved in TE buffer (10 mM Tris-HCl pH 8, 0.1 mM EDTA).
Sequencing of ITS2 rDNA region of F. sporotrichioides
To analyze ITS2 rDNA region of our local populations of F. sporotrichioides, isolate AY510069 was chosen as a representative. The ITS2 rDNA region was amplified with the P58SL, P28SL primers. The PCR conditions were the same as described by Hue et al. [4] . ITS2 rDNA from isolate AY510069 was sequenced in both directions with primers P58SL, P28SL. Reactions were performed on an ABI PRISM 310 automated DNA sequencer with an ABI PRISM Dye Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystems).
Sequence analysis and primer design
The sequence of ITS2 rDNA was compared between isolate AY510069 and other several F. sporotrichioides isolates and species found in NCBI/GeneBank database. The sequences were analyzed using BLASTn. Variable nucleotides between the sequence of F. sporotrichioides and those of other species were used to design primer FspITS2K 5 0 -CTT GGT GTT GGG ATC TGT GTG CAA-3 0 potentially specific to F. sporotrichioides. Reverse primer P28SL was earlier derived by Hue et al. [4] from conserved region of 28S rDNA. The oligonucleotides were synthesized by IDT (Integrated DNA Technologies, Inc.) 2.5. Development of a PCR assay specific to F. sporotrichioides PCR amplifications were performed in a total volume of 25 ll, containing 10-100 ng of genomic DNA, 20 mM (NH 4 ) 2 SO 4 , pH 9.0, 50 mM Tris-HCl, 2.5 mM MgCl 2 , 0.1 mM each of dATP, dTTP, dCTP and dGTP, 0.25 U MasterAmp Tfl DNA Polymerase (Epicentre Technologies) and 1 lM concetration of each primer. A negative control of amplification was prepared with 5 ll of H 2 O instead of 5 ll of DNA. Amplifications were conducted in a thermal cycler Mastercycler gradient (Eppendorf) with an initial denaturation step (5 min at 95°C ), followed by 30 cycles of denaturation (30 s at 94°C ), annealing (40 s at 68°C), and extension (45 s at 72°C), and a final extension step (5 min at 72°C). The annealing temperature and duration of the three steps of each cycle were determined experimentally. Amplification reactions were performed at least three times to check the consistency of the method. Aliquots (8 ll) of each PCR product were analyzed by electrophoresis in TBE buffer in 1.5% agarose gels.
3. Development of rapid fungal DNA extraction protocol from wheat grains using alkaline-detergent solution
Samples
Wheat seed samples (2 · 1.5 kg) were collected from two different mills located in the region of north Poland. Sample ''A'' was found to be low in F. sporotrichioides contamination as revealed by microbiological examination on PDA (1000 of seeds tested) while the sample ''B'' showed lack of contamination with F. sporotrichioides.
Fungal DNA extraction
Forty grams of seeds (1000 kernels) per sample were ground to a fine powder for 5 min in a coffee-grinder. Seed powder (0.1 g) was transferred into sterile 1.5 Eppendorf tube.
Thereafter, 1 ml of modified homogenization buffer [13] containing 50 mM Tris-HCl (pH 8.0), 0.5 M NaCl, 100 mM EDTA (pH 8.0), 2% BSA, 5% Tween 20 and 0.5% b-mercaptoethanol was added. The content was vortexed, boiled for 2 min and centrifuged at 14,000 rpm for 10 min. Five microlitres of aqueous phase containing DNA was transferred to another tube, dissolved in 95 ll of water and used in the PCR reaction for pathogen detection, as described above.
Results
Sequence analysis of ITS2 rDNA region
Sequence comparison of ITS2 rDNA revealed one polymorphic region between F. sporotrichioides and several other closely related Fusarium species (Fig.  1) . This region corresponded to at least four nucleotides that differed F. sporotrichioides from all other Fusarium species analyzed.One F. sporotrichioides isolate (Accession No. AF414972) could not be considered as species F. sporotrichioides. Sequence comparison of AF414972 of 16S (fragment sequence), ITS1, 5.8S, ITS2 and 28S rDNA (fragment sequence) using BLASTn revealed 100% homology with F. pulverosum (Accession No. AF414969). FspITS2 primer including mismatches at their 3 0 ends was designed. The expected size of the PCR product with these primers was 288 bp.
Sequence analysis of PCR product with primers P58SL, P28SL designed by Hue et al. [4] showed that the size of the PCR product with these primers was not 329 bp as was indicated by the authors, but 339 bp. We obtained the similar results with the other Fusarium species analyzed (unpublished data).
PCR assays
Under the conditions defined, primers FspITS2K and P28SL allowed the amplification of a single DNA fragment of 288 bp among 11 (from 12 tested) isolates of F. sporotrichioides listed in Table 1 . A PCR assay was negative for isolate CBS344.69 previously deposited in CBS as F. sporotrichioides (Fig. 2) . Additional verification of morphological characteristics of CBS344.69 by microscopic observations revealed that the analyzed strain was F. chlamydosporum. No PCR product was obtained with these primers from the 34 isolates belonging to other 11 Fusarium species.
A control PCR assay was developed employing the universal for Fusarium genus primer pair P58SL and P28SL which amplified a fragment of 339 bp from all isolates tested. This control assay demonstrated that all fungal DNA were readily amplifiable confirming that the lack of amplification with FspITS2 and P28SL primers was a result of primer specificity (data not shown). No PCR product was also obtained with these primers from wheat, barley, fabae bean and pea DNA (data not shown). 
Rapid detection of F. sporotrichioides from wheat grains using PCR assay
Rapid DNA extraction from wheat seed samples resulted in significant PCR signal in sample ''A'' which was found to be only 0.3% in F. sporotrichioides contamination as revealed by microbiological examination. No PCR product was obtained from sample ''B'' which showed the lack of contamination with the pathogen tested. To further test the sensitivity of the method PCR assay was successfully performed on subsample made by adding one artificially infected seed to uncontaminated 40 g sample. Five individual extracts from each sample gave highly consistent results.
Discussion
PCR assays were implemented successfully for differentiation and detection of economically important Fusarium species. Most of these techniques are based on species specific primers (SCARs) for F. avenaceum [15] , F. culmorum, F. graminearum [8, 12, 18] , F. moniliforme, F. subglutinans [7] , F. poae [10] , F. sambucinum [18] , F. sporotrichioides [17] , F. torulosum and F. venenatum [18] .
SCARs primers were derived from random amplified polymorphic DNA (RAPD) products due to high homology of defined DNA sequences between closely related species. Despite of many advantages, RAPD analysis are time consuming and require the screening of large numbers of primers [2] . Additionally, non-defined target DNA sequences may be less or more variable and results in the lack of amplification of some isolates tested [12] . Other PCR assays target defined DNA sequences to design detection tools. The use of rDNA sequences has several advantages. They are stable and occur in multiple copies, which naturally amplifies the sensitivity of a detection assay. Sequence analysis of rDNA regions, allowed designing species specific primers for F. oxysporum [2] . ITS2 rDNA region was confirmed in the present study to be particularly appropriate for the purpose of providing target sequences for molecular differentiation and detection of F. sporotrichioides. PCR assay with primers FspITS2K and P28SL was successfully tested against isolates which had the greatest homology in the target ITS2 region of primer FspITS2K and other economically important Fusarium species.
The difference in the target region of primer FspITS2K was at least four nucleotides for G. acuminate (F. acuminatum), five nucleotides for F. chlamydosporum, F. kyushuense, F. pulverosum and six nucleotides for F. poae, F. robustum, F. venenatum and G. pulicaris (F. sambucinum) (Fig. 1) . Previous studies of Wilson et al. [17] showed high nucleotide homology in ITS2 region between F. sporotrichioides and F. langsethiae and the closest genetic relationship between F. langsethiae and F. chlamydosporum. It was found that the only five nucleotide difference between F. sporotrichioides and F. langsethiae in the rDNA region was localized in the target region of designed primer FspITS2K (Wilson and Nicholson, personal communication) . Unfortunately, we have not tested any isolates of newly described F. langsethiae because they were not available in any other public fungal collections.
The DNA extraction method with alkaline-detergent buffer developed in this study was used successfully to prepare DNA from wheat seed samples contaminated with F. sporotrichioides. The use of alkaline buffer and BSA protect against phenolic compounds common in seeds and DNA oxidation [13] . Detergent helps to disrupt tissues [3] while boiling the material for 2 min promotes denaturation of DNAses [14] . DNA extraction procedure takes approximately 20 min per sample and results in a detection limit of one infected grain in a 40 g sample.
Results presented here demonstrate that the method provides rapid, sensitive and accurate diagnosis of F. sporotrichioides leading to more effective disease management practices. Together with the specific assays for other economically important Fusarium species could become valuable diagnostic tools in seed health testing and epidemiological studies. The assay could be also valuable for testing advanced breeding materials for stem rot and head blight resistance and for basic research in fungal population genetics [12] . The benefits of molecular tools to plant pathologist, toxicologists and taxonomists would be essential.
